Background: Given high levels of traumatic stress for low-income, inner-city women, investigating the link between posttraumatic stress disorder (PTSD) and pain is especially important.
A pproximately 20% to 70% of individuals with posttraumatic stress disorder (PTSD) report pain-related symptoms. 1 Theoretical models that have addressed this overlap, particularly the mutual maintenance model and the shared vulnerability model, highlight a number of potential mechanisms by which pain and PTSD may be linked (eg, negative attentional biases, physical deconditioning). 2 Notably, these models and the majority of studies evaluating the overlap between PTSD and pain have focused on PTSD symptoms occurring in the context of chronic pain. 3 Few studies have investigated factors that may confer vulnerability or resilience to worsening pain among individuals with PTSD experiencing acute pain. From the perspective of the Conservation of Resources Theory (COR), 4 ,5 the current study evaluated whether vulnerability and resilience factors mediated links between PTSD symptoms and acute pain and pain-related interference in a sample of predominantly low-income women residing in the inner-city.
COR theory is a well-validated, dynamic, and integrated model of the stress process. COR theory posits that individuals are motivated to acquire, retain, and protect valued personal, social, and material resources and that psychological distress, arise when actual or threatened resource loss occurs. 4, 5 COR theory emphasizes the impact of resource loss over resource gains in the stress process and posits that individuals who begin with the fewest resources are the most vulnerable to additional loss precisely because they lack sufficient initial resources to apply toward recovery and management of future stressors. 6 In this way, the use of limited resources to manage an acute stressor can lead to long-term resource loss cycles in which existing vulnerability factors are exacerbated, leading to further loss and distress, and existing resilience factors are diminished, also leading to further loss and distress. 6 Previous studies have supported this notion by highlighting resource loss and loss cycles as critical in explaining poor health-related outcomes following trauma. 7 In the context of pain, COR theory would suggest that PTSD would enhance vulnerability factors and decrease resilience factors to acute pain, with the PTSDvulnerability-pain pathway being more robust than the PTSD-resilience-pain pathway.
To date, COR theory has not been evaluated in relation to pain, however, COR theory's conceptualization of resource loss as a primary driver of vulnerability in the stress process may provide a theoretical bridge linking the PTSD and pain literatures. Specifically, resource loss may amplify PTSD symptoms following trauma and, in the process, increase vulnerability and diminish resilience to acute pain.
Although there are several other candidate factors that may confer vulnerability or resilience to acute pain in the context of PTSD, key factors, including social undermining, 8 depressive symptoms, 9,10 optimism, 11 engagement, 12 and social support 13, 14 have received marked attention in both the PTSD and pain literature.
In the present study, we investigated whether vulnerability and resilience factors mediated the relationship between PTSD symptoms and acute pain and pain interference. These relationships were examined in a diverse sample of low-income women who presented to an innercity Emergency Department (ED) reporting acute pain. Following our conceptual model (Fig. 1) , we generalized from the chronic pain and PTSD literature to hypothesize that there would be a significant direct relationship between PTSD symptoms and acute pain factors and that PTSD would also be significantly linked to pain factors through positive relationships with vulnerability factors and negative relationships with resilience factors. As informed by COR theory's emphasis on loss over gain in the stress process, we further expected that PTSD would be linked to pain factors more strongly through vulnerability factors than through resilience factors.
METHODS

Participants
The data from the current study are part of an ongoing longitudinal study exploring the relationship between trauma and pain among women who presented to our institution's inner-city Chicago ED reporting acute pain. At the time of the current analysis, 1374 women had been approached for recruitment. Of those 1374 women, 1052 (76.6%) were deemed eligible to participate (ineligible = 382). Of those 1052 women, 925 (89.6%) were interested in participating (refused participation = 127). Of those 925 women, 341 (36.8.1%) completed their baseline interview (lost to follow-up = 55).
In the current study, only data collected at the baseline interview (N = 341) were used for analyses. This baseline sample was ∼28.61 years old (SD = 6.06) and predominantly African American (58.0%), followed by Hispanic/Latina (21.9%), white/non-Hispanic (14.6%), and Other (5.0%). Race/ethnicity composition of the sample of women who completed baseline interviews was not significantly different from the samples of women who did not complete baseline interviews (ie, those who refused to participate, were ineligible, or were lost to follow-up) See Table 1 for additional baseline sample characteristics.
Procedure
The following study procedures were approved by our Institutional Review Board. Study staff approached women at the ED with information about participating in a study about trauma and pain. For women who expressed interest in participating, study staff collected contact information and then conducted a brief telephone-screening interview within 72 hours of the ED visit to determine eligibility to participate in the study. Inclusion criteria were as follows: (1) female; (2) 18 to 40 years old; (3) premenopausal; (4) able to read and write English sufficiently to provide informed consent, and (5) presented to our institution's ED reporting acute pain of the chest, abdomen/pelvis, neck/shoulder, or back (ie, not extremity or head pain). Exclusion criteria were as follows: (1) pain intensity or any injury or illness great enough to impair concentration or capacity to understand study instructions or the nature of being in the study; (2) current chronic illness that involved constant or frequent pain; (3) history of chronic pain on presentation in ED or documented in the electronic medical record (EMR); (4) appearing intoxicated or under the influence of drugs at the ED visit; (5) self-reported or EMR-documented daily opiate use over the previous 3 months; or (6) the presenting ED pain was due to a traumatic circumstance (eg, a motor vehicle accident [MVA]), physical assault, sexual assault. This latter exclusionary criterion was established to avoid the confounding effects of the presenting pain and any reported PTSD symptoms being from the same event (eg, a MVA survivor may have both pain and PTSD from the MVA, not because pain and PTSD impact each other). In addition, participant EMRs and notes from their ED encounter were individually reviewed by a coauthor who is an Emergency Medicine physician to affirm the location and suspected cause of the acute pain reported.
Following completion of the telephone-screening interview, eligible participants were scheduled for a baseline interview where they completed in-person informed consent. The baseline interview collected information on participants' demographic characteristics, mood, psychosocial functioning, pain intensity, pain-related interference, and current/past PTSD symptoms. Participants were compensated for their time in the form of gift cards from a local retail store and were paid up to $150 for completion of all baseline interviews and pain assessments.
Measures
PTSD Symptoms
The total score from the 20-item PTSD checklist for DSM-5 (PCL-5) 15 was used to measure PTSD symptoms. Before administration of the PCL-5, participants were asked to reflect on their worst or most distressing trauma (ie, their index trauma) and were then asked to rate the degree to which over the previous month, on a 0 (not at all) to 4 (extremely) scale, they had experienced PTSD symptoms related to reexperiencing, avoidance, hyperarousal, and negative alterations in cognition and mood. Total scores range from 0 to 80 with higher scores indicating more severe symptoms of PTSD. Scores above 33 are suggestive of a potential PTSD diagnosis. The measure has adequate reliability (α = 0.94). 16 
Resilience Factors
Social support was assessed with a 10-item scale based on Weiss's 17 theory of social provisions using a scale from 0 to 2 (no = 0, 1 = sometimes, 2 = yes) with 5 negatively worded items reversed scored. Respondents were asked if they feel they have someone in whom they can confide, with whom they can talk about problems, who will help with chores and responsibilities, to whom they can turn for support, and who makes them feel loved and wanted. Total scores can range from 0 to 20, with higher scores indicating higher perceived social support (α = 0.81).
Optimism was assessed with the total score from The Life Orientation Test-Revised (LOT-R) 18 a 10-item measure designed to assess individual differences in generalized optimism versus generalized pessimism on a 0 (strongly disagree) to 4 (strongly agree) scale. The scale contains 3 optimism items, 3 pessimism items and 4 "filler" items. Pessimism items are reversed scored and total scores are calculated without "filler" items. Higher total scores on the LOT-R indicate higher optimism (α = 0.73).
Engagement was measured with an 8-item adapted version of Schaufeli et al's 19 Work-Engagement scale. Items were adapted to reflect engagement across broad life domains rather than engagement in specific employment- *Other locations of pain upon presentation to ED: neck = 9; shoulder = 3; pelvis = 20; combination/multiple sites = 18.
†Other suspected causes of acute pain reported at ED visit: metabolic = 4; inflammatory = 4; surgical = 3; toxicology = 1; neuro-related = 1; psychiatric = 6; cardiac/pulmonary = 5; hematologic = 1.
ED indicates Emergency Department; PCL-5, PTSD checklist for DSM-5; PTSD, posttraumatic stress disorder. related settings and tasks. Previous studies on the role of engagement in traumatized populations have been published with this adapted scale. 12 The adapted Engagement Scale asks respondents to rate, on a 0 (never) to 6 (always) scale, the degree to which they feel full of energy, enthusiastic, proud of their accomplishments, find meaning in their activities and are absorbed by their activities. Total scores can range from 0 to 48 with higher scores indicating higher levels of Engagement (α = 0.87).
Vulnerability Factors
Resource loss was assessed via the total score from an 11-item adapted version of the COR-Evaluation, 20 which asks respondents to rate over the past 6 months, on a scale from 0 (no loss at all) to 3 (lost very much), the extent to which they have lost personal, social, and/or material resources (eg, employment, finances, intimacy in relationships, family stability, perceived sense of self). Total scores can range from 0 to 33, with higher scores indicating greater loss of resources (α = > 0.86). Previous research has shown high concordance between perceived and actual resource loss. 21 Depressive symptoms were assessed with the total raw score from the PROMIS-4 Short-Form Depression scale 22 that asks respondents to rate, on a scale from 1 (not at all) to 5 (very much), how much they felt worthless, helpless, hopeless, and had a depressed mood over the previous 7 days. Total raw scores can range from 4 to 20, with higher scores indicating higher total of depressive symptoms. The measure has adequate reliability (α = 0.91). 22 Social undermining was assessed with The Social Undermining Scale, 23 a 7-item scale that asks respondents to rate, on a scale from 1 (not at all) to 5 (nearly all the time), how often individuals closest to the respondent display negative affect toward the respondent, negatively evaluate or criticize the respondent, and hinder the respondent's attainment of personal goals. Total scores can range from 7 to 35, with higher scores indicating more frequent experiences of social undermining (α = 0.89).
Pain Intensity
Pain intensity was measured on 11-point numeric rating scale 24 of how much pain they were experiencing at that moment (0 = none at all to 10 = extreme) in the same area of their body that they experienced pain on presentation to the ED.
Pain Interference
Pain interference was measured with the total raw score from the PROMIS 8-item short form scale 25 that asks respondents to rate, on a scale from 0 (not at all) to 4 (very much), how much their pain that brought them to the ED had interfered with their engagement in and enjoyment of daily work, home, and social-related activities. Total raw scores can range from 0 to 32, with higher scores indicating higher pain-related interference. The measure has adequate reliability (α = 0.93). 26 
Data Analytic Strategy
Descriptive statistics and bivariate correlations were first examined to characterize our primary study variables. Structural equation modeling was then conducted with Mplus version 7.4 software 27 to examine relationships among our variables of interest (Fig. 1) . Structural equation modeling techniques afford the opportunity to create and analyze latent variables (which represent the common variance underlying a group of observed variables). We derived a vulnerability latent variable from the Resource Loss total score, the PROMIS-4 Depression total raw score, and the Social Undermining Scale total score. We derived the resilience latent variable from the Engagement Scale total score, the Social Support Scale total score and the Optimism Scale total score. Finally, we derived the pain latent variable from the Pain Intensity rating and the Pain Interference total score. PTSD symptoms were measured at the indicator level with the total score from the PCL-5.
Bootstrapping techniques and maximum likelihood estimation were used in the estimation of our measurement and structural models. Bootstrapping techniques provided 95% confidence intervals to determine the significance of indirect effects. Maximum likelihood estimation allowed all cases in the dataset to be analyzed, even those with missing data (of which <0.05% were missing). Model fit was determined via several fit indices, including the root mean square error of approximation (RMSEA), the comparative fit index (CFI), and the standardized root mean square residual (SRMR). Adequate model fit was determined based on published recommendations 28 with RMSEA values <0.08, CFI values > 0.95, and SRMR values <0.09. Before evaluation of our structural model, we evaluated the fit of our 3 latent variables in a measurement model. Table 1 provides descriptive statistics for demographic and primary study variables and location of participant pain on presentation to the ED. The sample was predominantly African American (58.0%), followed by Hispanic/Latina (21.9%), white/ non-Hispanic (14.6%), and Other (5.0%). Just over a third (35.6%) of the sample reported an annual household income of <$10,000, less than half (47.2%) reported full-time employment outside the home, and 37.3% reported obtaining a high school education or less. Just over half of the sample (53.1%) presented to the ED with pain-related symptoms in the abdomen and the most common suspected cause of the pain-related symptoms was an infectious disease process. Nearly all (93.5%) participants reported experiencing at least 1 previous traumatic event in their lives and 18.2% of the sample scored above the clinical cutoff for a suspected PTSD diagnosis. Table 2 presents bivariate correlations among primary study variables. Apart from nonsignificant correlations between optimism and pain intensity and optimism and pain interference, all other primary study variables were significantly correlated at the P < 0.01 level.
RESULTS
Sample Characteristics
Measurement Model Fit of Latent Variables
The measurement model of the 3 latent variables was analyzed following Figure 2 
Structural Model Fit and Results
The structural model was first analyzed in accordance with Figure 3 . The structural model showed poor fit (χ the model that a more parsimonious model without the resilience variable provided a better fit of the data. 29 
Revised Structural Model Fit and Results
The revised structural model was next analyzed as presented in Figure 4 . The revised structural model without the resilience latent variable showed good fit (χ 
Reverse-pathway Structural Model Fit and Results
The alternative, revised structural model addressing possible reversed paths was analyzed as presented in Figure 5 . This alternative reverse-path model without the resilience variable retained identical factor loadings and path coefficients as the original, revised structural model. In addition, model fit indices between the original and the alternative, revised structural model for χ 2 , RMSEA, CFI, and SRMR were identical. Accordingly, Akaike Information Criteria (AIC) values were compared to determine which model had smaller AIC values and, thus, better fit. The original, revised model's AIC was 9707.17 and the alternative, revised model's AIC was 12,564.79. Thus, the original, revised model (in which PTSD symptoms are linked to increased vulnerability which in turn leads to increased pain) had better fit and was therefore retained as the final model.
DISCUSSION
Through the lens of COR theory, we investigated whether PTSD symptoms would be indirectly related to higher acute pain and pain-related interference through mediating pathways of lower levels of resilience and higher levels of vulnerability. We tested this model in a diverse sample of low-income women living in an inner-city. We found that higher PTSD symptoms were directly related to higher pain intensity and pain interference and indirectly related to higher pain intensity and pain interference through positive associations with vulnerability factors, specifically, resource loss (a key element of COR theory), depressive symptoms, and social undermining. Pathways linking PTSD symptoms to pain intensity and pain interference through resilience factors, specifically, optimism, engagement, and social support, were not supported. Accordingly, these results are consistent with COR theory 4, 5 and a large body of research showing that losses or negative stimuli exert stronger effects on outcomes than gains or positive stimuli. 30 FIGURE 2. Latent variables evaluated in a cross-sectional measurement model with corresponding standardized parameter estimates and SEs significant at P < 0.05. The current study affords a number of contributions. To our knowledge, this is the first study to apply COR theory to a study examining PTSD and pain and the first to examine resource loss as a key vulnerability factor in relation to pain. As such, the present findings may suggest that the oft-reported relationship between PTSD symptoms and pain may involve a more complex interplay of vulnerability factors, including resource loss, depressive symptoms, and social undermining. Although ours is the first study to link resource loss to pain-related outcomes, previous studies have found similar relationships between resource loss and other health-related outcomes, including lowered immune functioning. 31 Our results, and the application of COR theory, support and expand these studies by highlighting vulnerability factors, including resource loss, depressive symptoms, and social undermining, as key components to explore in pain-related processes among individuals with a trauma history.
Our findings also highlight the potential importance of considering socioeconomic status and preexisting resource levels when interpreting studies of the health-relevance of resource gains or positive factors. Consider our finding that vulnerability factors were more strongly related to pain outcomes than resilience factors. This finding is in contrast with the recent attention given to the roles of positive constructs in pain-related adaptation and coping processes. Specifically, previous studies have proposed that factors like positive affect 32 and pain-related acceptance 33 may promote resilience against pain and its negative psychosocial sequelae. Critically, the demographic makeup of the majority of these studies' samples were overwhelming white, educated, and living above the poverty line. Such methodological limitations may limit the generalizability of findings regarding factors that promote resilience against pain among more racially diverse and economically disadvantaged populations.
This study has important clinical implications. Foremost for clinicians, especially those in inner-city environments where the risk for traumatic exposure is high, is the potential benefit of screening ED patients for trauma history and PTSD symptoms. Such individuals may be at an elevated risk for high levels of resource loss, pain intensity, and pain interference, making social work or psychiatric referrals critical. Further, identifying precipitating and perpetuating factors, such as PTSD symptoms that may hasten the transition to chronic pain and reliance on opioid medication, may guide clinicians to recommend alternative treatment courses. Such increased awareness of risk factors may potentially lower the chances of transitioning from acute to chronic pain and the possibility of adverse outcomes with opioid use. Finally, although the main theoretical models of comorbid PTSD and chronic pain (ie, mutual maintenance model, shared vulnerability model) 2,3 differ in their conceptualization of how PTSD and pain overlap, a common denominator across these models is behavioral avoidance of pain and PTSD-related stimuli. Thus, a critical strategy for prophylactic interventions targeting PTSD and pain processes may involve exposure-based procedures to increase the approach to and tolerance of reminders, cues, and triggers for pain and trauma-related stimuli.
Limitations of the current study must also be delineated. At the current stage of our study, we are not yet able to investigate whether and how our variables of interest relate longitudinally to the transition from acute to chronic pain. Similarly, the crosssectional nature of our data precludes drawing causal inferences among trauma, resource loss, vulnerability factors, and pain, although we note that the alternative, reverse-path model evaluated in the present study exhibited worse model fit than the model described above. Accordingly, it would be important for future studies to test our COR theory-based model in a longitudinal design to determine how variables such as resource loss play a role in the development of chronic pain. It is also important to note that our sample's representation of women who face significant health disparities may limit the generalizability of our findings to women who reside outside lowincome, inner-city environments with a corresponding lower risk of trauma exposure. Despite these limitations, our findings provide an important perspective on the extensive trauma and health-related burden affecting low-income, inner-city women.
In summary, our findings support COR theory as a promising theoretical framework from which to explore the overlap between PTSD and pain and suggest that resource loss may be a critical component to evaluate in pain-related processes. In addition, our results highlight the comparative magnitude of vulnerability factors over resilience factors when examining psychosocial correlates of pain-related outcomes and improve upon the existing literature by showing these relationships in an understudied and vulnerable population.
